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for use in the delivery of therapeutic substances to the human lung. There is provided apparatus for dispensing an aerosol of electrostatically 
charged droplets comprising a housing having an open ended duct (10) in which are located a first electrode (13) having an upper surface 
(15) lying in a generally longitudinal plane of the duct and a second electrode spaced from the first electrode. The apparatus further 
comprises means for delivering a metered quantity of liquid to the upper surface (15) of the first electrode for atomisation and charging 
means for applying a higher potential to the second electrode with respect to the first electrode to effect atomisation. 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify Slates party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


KS 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


sz 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Paso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


uz 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 
Switzerland 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


KG 


Kyrgyzstan 


NO 


Norway 


zw 


Zimbabwe 


a 


Cote d* I voire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


KR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






cz 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


U 


Liechtenstein 


SD 


Sudan 






OK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 99/42153 PCT/GB98/03415 

- 1 - 



INHALATION APPARATUS 

This invention relates to inhalation apparatus 
for dispensing an inhalable substance and in 
5 particular, but not exclusively, to apparatus for use 
in the delivery of therapeutic substances to the human 
lung. 

Medicinal inhalers are well known and have made a 
significant contribution to ailments such as asthma. 
10 Of particular usefulness are hand-held metered dose 
inhalers and dry power inhalers. Each produces an 
aerosol of fine particles containing medicament and 
which are carried into the respiratory system as a 
user inhales. 

15 Several factors are known to effect the site at 

which deposition of such airborne particles are 
deposited in the respiratory system. Research has 
revealed that the electrostatic charge on the 
particles plays a very important part in determining 

20 the site of deposition and it has been shown that the 
level of electrostatic charge can be used to control 
particularly the site of deposition. A site may 
thereby be selected which is higher or lower in the 
bronchial tree to meet requirements of a particular 

25 therapeutic or diagnostic procedure. The level of 
charge can also serve to reduce the amount of 
particles lost through exhalation and this is 
particularly important where small quantities of 
medicament are delivered. 

30 One means of achieving this is found in WO-A- 

94/19042 which describes dispensing apparatus for 
discharging a metered dose of a liquid in aerosol form 
from a pressurised dispensing container. The droplets 
are propelled through a passageway towards an 

35 inhalation port passing through a charging region. 
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The charging region contains one electrode which has 
at least one pointed feature and a second electrode 
having cooperating features of relatively low 
curvature. The aerosol emerging from the apparatus 
5 will carry an inherent level of electrostatic charge. 
The charge can be modified in a controlled manner by 
imparting further electrostatic charges to the 
particles as they pass through the charging region 
before being inhaled. 

10 For certain applications it is desired to use 

electrostatic forces for generating an aerosol of 
electrically charged droplets particularly of a much 
smaller amount of liquid such as a single drop, which 
the above described apparatus would be unable to 

15 achieve. 

EP-A-0224352 describes a method of generating a 
charged spray for ocular treatment . The formulation 
is supplied to a hollow spray nozzle which has an 
opening of such small cross-section as to retain up to 

20 20/il of the formulation by surface tension. A metered 
dose of the formulation is supplied to the nozzle, 
after which a piston is activated to provide a current 
of air to force the formulation out of the nozzle. At 
the same time a high voltage is applied to a region of 

25 the nozzle in contact with the formulation causing the 
atomisation of the liquid to form a spray of 
electrically charged droplets for application to an 
eye. 

This method thus requires the use of co- 
30 ordination of moving parts (the piston) and the 
triggering of the voltage. 

One object of the present invention is to obviate 
the need for moving parts and to provide apparatus 
which is able to atomise a small quantity of liquid 
35 such as a single drop of liquid using electrostatic 
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forces alone. 

The invention therefore provides apparatus for 
dispensing an aerosol of electrostatically charged 
droplets comprising a housing having an open ended 
5 duct in which are located first electrode having an 

upper surface lying in a generally longitudinal plane 
of the duct, and a second electrode spaced from the 
first electrode, the apparatus further comprising 
means for delivering a metered quantity of liquid to 

10 the upper surface of the first electrode for 

atomisation and charging means for applying a higher 
potential to the second electrode with respect to the 
first electrode to effect atomisation. 

A preferred embodiment of the present invention 

15 will now be described, by way of example only, and 

with reference to the accompanying drawings in which :- 

Fig. 1 is a cross section of a side elevation of 
the atomising section of dispensing apparatus 
20 according to the present invention. 

The dispensing apparatus of the present invention 
includes a housing (not shown) having an atomising 
section shown in Fig. 1. The atomising section 

25 includes a horizontally extending cylindrical duct 10 
which is open at both ends through which air can flow. 
One end defines an air inlet 11 and the other defines 
or communicates with an inhalation port 12 suitable 
for oral inhalation. 

30 Located within the cylindrical duct 10 is a first 

electrode 13, which is preferably mushroom shaped 
having an annular head 13a with a gently convexly 
curved upper surface 15. The first electrode is 
positioned so that the head 13a lies substantially in 

35 a longitudinal direction in the duct 10. The first 
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electrode 13 is preferably earthed via the stem 13b of 
the electrode 13 which protrudes from the duct 10. 

Also located within the cylindrical duct 10 is a 
second electrode 14, which second electrode 14 is 
5 connected to a charging circuit capable of applying a 
potential to the second electrode 14 greater than that 
of the first electrode 13 of 10 to 20kV. The second 
electrode 14 is preferably a single wire, the point of 
entry of which into the duct 14 is offset in a 

10 longitudinal direction from the axis of the stem 13b 
of the first electrode 13. Typically the electrodes 
are 0.5 to 5cm apart at the closest point . The second 
electrode 14 may be completely enclosed in an 
insulating material thereby mechanically shielding the 

15 electrode 14 from the patient and any objects inserted 
into the mouthpiece 12. 

The housing further houses means (not shown) for 
delivering liquid to the first electrode 13, either 
directly to the upper rounded surface 15 or via a 

20 channel 16 through the stem 13b of the mushroom. The 
delivery means include metering apparatus to meter a 
small quantity of the liquid, such as a single drop of 
preferably between 20-50/il, or possibly more, of the 
liquid to be dispensed. 

25 The liquid to be dispensed is preferably ethanol 

based and may be a water/ethanol mixture of up to 60% 
by volume concentrate of ethanol. However, other 
liquids may be selected which are suitable for 
inhalation and which can be successfully atomised in 

30 stable electrohydrodynamic mode. Such liquids must 
preferably have a high resistivity and low surface 
tension and also preferably low permittivity. The 
preferred range of resistivity is between 7.6 x 10 3 to 
1 x 10 8 Qm and the preferred maximum surface tension 

35 is 0.04 N/m. 



WO 99/42 153 



PCT/GB98/03415 



The housing further houses a charging circuit and 
power supply battery. The battery is electrically 
connected by means of appropriate wiring to the second 
electrode 14. 

5 In use a metered quantity, such as a drop of 

liquid is delivered to the first electrode 13. Due to 
the low surface tension of the liquid it spreads out 
over the surface of the first electrode 13. 
Gravitational forces cause a greater build up of 

10 liquid around the perimeter of the head 13a than 
elsewhere on the head. The charging circuit is 
energised to apply a DC voltage of 10 to 20kV to the 
second electrode 14. The resulting electric field at 
the edge of the first electrode 13 causes the liquid 

15 to atomise at the periphery of the mushroom electrode 
13 in the form of atomised droplets. The atomisation 
of the liquid takes place only on the edge of the head 
13a and the strong ionic wind created by the end of 
the second electrode 14 forces the spray of highly 

20 charged droplets produced during the electrostatic 

atomisation along the cylinder 10 at a low velocity to 
the mouthpiece 12 without any additional air flow. 
Once all the liquid has been atomised, the charging 
circuit is switched off. 

25 Further means may be provided to modify the 

charge on the droplets, to reduce, enhance, neutralise 
or reverse the charge. 

In alternative embodiments of the present 
invention the second electrode 14 may be provided in 

30 the form of a mesh located above the first electrode 
13. Alternatively it could be in the form of a ring, 
an el ipse or a squashed elipse with the wires 
touching. The first electrode 13 may alternatively be 
T-shaped or Y-shaped in cross -section. The first 

35 electrode may also be made of or covered with a porous 
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material. 

The potential applied to the second electrode 14 
is preferably selected to minimise droplet deposition 
on the second electrode 14. However it is also 
possible to include a means of providing additional 
air flow to help reduce this deposition. 

A further embodiment of the invention can be used 
to atomise a continuous stream of liquid for use in a 
nebuliser. In this embodiment the delivery means 
continuously supply liquid to the first electrode 13 
to replace the atomised liquid while continually 
applying potential to the electrode 14. 



15 
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CLAIMS : 

1. Apparatus for dispensing an aerosol of 
electrostatically charged droplets comprising a 
housing having an open ended duct in which are located 
first electrode having an upper surface lying in a 
generally longitudinal plane of the duct, and a second 
electrode spaced from the first electrode, the 
apparatus further comprising means for delivering a 
metered quantity of liquid to the upper surface of the 
first electrode for atomisation and charging means for 
applying a higher potential to the second electrode 
with respect to the first electrode to effect 
atomisation. 

2. Apparatus as claimed in claim 1 in which the 
potential difference between the electrodes is between 
10 and 20kV. 



20 3. Apparatus as claimed in claim 1 or claim 2 in 
which the first electrode is earthed. 

4. Apparatus as claimed in any one of the preceding 
claims in which the second electrode is a single wire. 

25 

5. Apparatus as claimed in claim 4 in which the 
second electrode enters the duct at an entry point 
offset in a longitudinal direction with respect to an 
axis through the centre of the convexly curved annular 
surface of the first electrode. 

6. Apparatus as claimed in any one of the preceding 
claims in which the second electrode is insulated. 

35 7. Apparatus as claimed in any one of the preceding 



30 
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claims in which the first electrode comprises a head, 
bearing the convexly curved structure and a stem 
projecting therefrom. 

5 8 . Apparatus as claimed in claim 7 in which the 

delivery means deliver liquid to the upper surface of 
the first electrode via a channel in the stem. 

9. Apparatus as claimed in any one of the preceding 
10 claims in which the liquid is ethanol based. 

10. Apparatus as claimed in any one of the preceding 
claims in which means are provided downstream of the 
first and second electrodes to modify the charge on 

15 the atomised droplets. 

11. Apparatus as claimed in any one of the preceding 
claims in which the delivery means continuously 
deliver a metered quantity of liquid to the first 

20 electrode for dispensing a continuous aerosol. 

12. Apparatus substantially as hereinbefore described 
with reference to and as shown in the accompanying 
drawings . 

25 
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